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 Spin-polarized electron beam has not yet been produced from an unpolarized 
electron beam using Stern-Gerlach type spin filter, because of the Lorentz force and 
Heisenberg uncertainty principle. At present, electron spin detectors and filters work on 
the basis of spin-dependent scattering of an electron beam from crystal surfaces. Single 
channel efficiencies of all the spin detectors for electrons are orders of magnitudes lower 
than the ideal one. Specular reflection type spin-polarized low energy electron diffraction 
(SPLEED)-spin detectors are having higher single channel efficiencies compared to the 
conventional Mott detectors. Moreover, multichannel detection can be realized from 
specular reflection type SPLEED-spin detectors. They have higher effective efficiency 
than the ideal spin detector. In order to develop specular reflection type spin filter, it is 
important to develop a spin-polarized low energy electron diffraction system. In addition, 
SPLEED system allows us to study the spin-orbit and exchange scattering at crystal 
surfaces. 
 The general direction of the thesis has been the development of spin-polarized low 
energy electron diffraction (SPLEED) system. This system has been used to investigate 
the spin-orbit interactions on Ir(100) surface and exchange interactions of Fe grown on 
Ir(100). The thesis is organized into chapters as follows. 
Chapter 1 introduce the reader to some of the basic concepts of polarized electrons and 
the evolution of spin-polarized electron sources and detectors. Sources of polarized 
electrons are discussed with emphasis on photocathodes such as GaAs and strained GaAs. 
Widely used spin detector is the Mott detector which works in the higher energy range. 
The working principle of the Mott detector is discussed. Commonly used spin detector in 
the lower energy range is the LEED detector. The concept of the LEED detector is also 
discussed. Working principle and recent developments of specular reflection type 
SPLEED spin filters are introduced. Evolution of electron spin detector is discussed 
towards the end of the chapter. 
Chapter 2 discusses about the two instruments designed and developed during the course 
of the thesis. The first one is a spin-polarized low energy electron diffraction system 
working in the reflected electron pulse counting mode in UHV. This system is capable of 
measuring spin asymmetries due to spin-orbit interaction and exchange interaction. This 
instrument is useful in understanding structure and magnetism at surfaces as well as helps 
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to develop new spin polarimeter based on SPLEED by evaluating spin asymmetries from 
different surfaces. All instruments connected to SPLEED system, measurement protocol 
and controlling software are discussed with some details. Along with this, standard 
characterization tools such as X-ray diffraction and magneto-optic Kerr effect 
measurements are discussed. The second instrument is a novel quadratic magneto-optic 
Kerr effect measurement system using permanent magnets, which is simple, compact and 
cost-effective. We have used rotating field method to extract QMOKE component in 
saturation. So there is no need for precise real-time measurement of magnitude and 
direction of the magnetic field as in the case of vector magnet. This instrument can easily 
quantify QMOKE coefficients for ferrimagnetic and ferromagnetic thin films and single 
crystals. 
Chapter 3 discusses SPLEED experiments carried out on Ir(100)-(1×5)-Hex and Ir(100)-
(1×2+2×1)-O surfaces. The surface structure and surface preparation techniques are 
discussed. The stability of the Ir(100)-(1×5)-Hex surface is evaluated by monitoring the 
spin asymmetry as the function of time. Within 25 hours after the surface preparation, the 
profile of the spin asymmetry and the reflected electron count for Ir(100)-(1×5)-Hex 
surface resembles that of hydrogen adsorbed Ir(100)-(1×5)-H surface. The electron 
energy-angle of incidence landscape of reflectivity, spin asymmetry and figure of merit 
are recorded for Ir(100)-(1×2+2×1)-O surface. Many wide regions with a large figure of 
merit are identified in the E- landscape. 
Chapter 4 reports SPLEED experiments carried out on Ir(100)-(1×5)-H surface. The 
comparison between asymmetries evaluated for the Ir(100)-(1×5)-Hex surface after 25 
hours and Ir(100)-(1×5)-H surface suggests that Ir(100)-(1×5)-Hex surface is 
transforming to Ir(100)-(1×5)-H surface, in 25 hours. This can be due to the adsorption of 
more than four Langmuir of residual hydrogen during this time. The energy-angle 
landscape of reflectivity, asymmetry and figure of merit are recorded for Ir(100)-(1×5)-H 
surface in an energy range 20 eV to 100 eV and angle range 10 to 60. Many regions are 
identified as the working point for specular reflection type spin filter based on SPLEED. 
The surface structure and surface preparation techniques are discussed. The stability of 
the surface is also evaluated. 
Chapter 5 investigates the growth and magnetic properties of Fe(100) film on Ir(100)-
(1×1), Ir(100)-(1×5)-Hex and Ir(100)-(1×2+2×1)-O surfaces. LEED, MEED, LMOKE 
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and QMOKE studies were presented. The growth is found to be layer-by-layer at least up 
to 20 monolayers (ML) at room temperature. At higher deposition temperature, the 
MEED oscillations disappear around 3-5 ML. Magnetic anisotropy of the Fe(100) film 
grown on Ir(100)-(1×2+2×1)-O surfaces is evaluated using LMOKE measurement using 
Kerr microscope. Simultaneous in-situ LMOKE and MEED measurements were carried 
out during the deposition. Ferromagnetic ordering with an in-plane easy axis starts above 
4.5 ML at room temperature. The Kerr rotation normalized by thickness is evaluated in 
the pseudomorphic regime and strain relaxed regime. The probing depth of the MOKE is 
found to be around 14 nm in Fe(100)/Ir(100). An antisymmetric component is observed in 
the re-magnetization loop measured using MOKE. This antisymmetric loop arises due to 
the quadratic magneto-optic coupling which is separated by symmetrization and 
antisymmetrization procedure. The observed quadratic magneto-optic coupling suggests 
that the analysis based on the assumption that the magneto-optic coupling is linear in 
magnetization has to be modified. In order to quantify the quadratic magneto-optic 
coupling parameters, a QMOKE measurement system is developed and measurements 
were carried out.  
Chapter 6 discusses SPLEED experiments carried out on various thicknesses of Fe(100) 
film. Fe(100) films grown on Ir(100) substrate with the thickness less than or equal to 4 
ML is not ferromagnetic with in-plane easy axis at room temperature. The non-zero 
exchange asymmetry observed for 5 ML and above indicates the presence of 
ferromagnetic ordering. A difference in the profile of exchange asymmetry is observed 
between pseudomorphic and strain relaxed regime. Large spin-orbit asymmetry is 
observed for 1 ML and 2 ML Fe(100) which is unexpected from a low atomic number (Z) 
material. The reason for large spin-orbit asymmetry is still unknown. The energy-angle 
landscape of reflectivity, exchange asymmetry, spin-orbit asymmetry and figure of merit 
were evaluated for 21 ML of Fe(100). Many working points were identified for different 
types multichannel spin filter based on exchange interaction 
Finally, the various results are summarized and a broad outlook is given.   
